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Abstract
The cardiac mucosa of the human stomach is composed mainly of branched PAS
positive mucous glands that occupy the deep half of the mucosa thickness. This
morphological pattern of the mucous glands present in endoscopic biopsies from the
gastric fundus region or near the gastroesophageal junction (GEJ) serves as parameter
for the histological diagnosis of gastric cardia. However, this morphological pattern
is highly variable along the gastric part of the GEJ: in some areas these mucous glands
are abundant and in others they are scarce, if not totally absent. Depending on the
concept adopted for some, the cardiac mucosa would be a native structure attached
to human GEJ, while for others it would have a metaplastic origin that would occur
during the extra-uterine life. In cardiac mucosa the mixed glands (mucous/oxyntic
glands) are almost always present in between mucous glands and in between oxyntic
glands; such as the parietal cells which could also be detected in greater or lesser
amounts. The aim of this work was to evaluate the presence of serotonin-immunor‐
eactive cells (EC cells) in these different types of glands in both normal cardiac mucosa
as well as in the Barrett´s esophagus. The main results concerning the endocrinology
of gastric cardia allows to consider that the human cardia has exocrine and endocrine
elements that together constitute its specific differential characteristic in relation to
the gastric fundus and to the antropyloric regions of the stomach. On the other hand,
the histologic and immunohistochemical analysis of endoscopic biopsies of 26 patients
showed that 23 (88.5%) of them presented varying amounts of mucous glands
associated with intestinal metaplasia in distal esophagus. Moreover, many of these
patients presented a rich component of serotoninergic EC cells. The major population
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of serotonin-immunoreactive cells was found both in intestinal metaplasia as well as
in its associated mucous glands. Among these patients, 16 (70%) presented foci of high
concentration of serotoninergic EC cell in the distal esophagus. Whatever the
neuroendocrine actions of serotonin in the GEJ, these actions should be enhanced in
many patients who present a large population of EC cells in gastric cardia as well as
in the areas of intestinal metaplasia of those with Barrett´s esophagus.
Keywords: Gastroesophageal junction, Cardiac mucosa, Endoscopy, Histology,
Carditis, Barrett´s esophagus, Endocrine cells, Neuroendocrine cells, APUD cells
1. Introduction
The gastric cardia is generally defined as the area of mucosa located distal to the anatomic
gastroesophageal junction (GEJ) and proximal to the oxyntic mucosa of the gastric body. It is
an area of the stomach that raises many controversies about its native glandular components.
The gastric cardia mucosa is absent in the stomach of some mammals species, such as rat and
guinea pig; in others, such as swine, it covers a large area of the stomach competing for space
with the body's mucosa [1].In humans it is very limited in size. The gastric cardia mucosa
cannot be evaluated by standard endoscopy, or even through direct visual examination of
surgical specimens or when performing necropsies. However, it can often be detected by
histological examination of tissues removed from the gastric mucosa close to the GEJ. In most
individuals the edges of cardiac mucosa have an irregular shape and also it has a variable
average length, usually <2.0 cm. Mucous glands morphologically similar to those of the antral
mucosa are found in this region in varying amounts, usually predominating over other
histological types of glands, namely, the mixed glands (mixed mucous/oxyntic glands) and
the oxyntic glands. The latter are morphologically identical to the oxyntic glands in the body
and can occupy large areas of cardiac mucosa, juxtaposed to the squamocolumnar junction.
The gastric cardia mucosa is histologically very similar to the mucosa of the antral region, i.e.,
the foveolas are long occupying about half of the mucosa thickness which are composed of
branched mucous glands that occupy the deep half of the mucosa thickness. This morpholog‐
ical pattern of the mucous glands of tissues collected by the endoscopist from the gastric fundus
region or near the GEJ serves as parameter for the histological diagnosis of gastric cardia. This
histological criterion is used by a large number of pathologists. However, due to the highly
variable distribution of mucous glands along the gastric part of the GEJ, in some areas they
are abundant and in others they are scarce, if not totally absent. In short, in some areas the
pure mucous glands may be missing altogether, and replaced by mixed gland and/or oxyntic
glands. Typical oxyntic glands are easily recognized by histology lining the human gastric
body and the gastric fundus. This type of mucosa can be easily recognized in histological
sections due to the high density of compact glands, rich in acidophilus parietal cells, and
basophil zymogen cells. In this case, the histology of endoscopic samples does not reveal the
presence of typical mucous glands, which may cause erroneous endoscopic–histologic
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correlation. Because of the gastric cardia irregularity, divergent hypothesis arises on its real
constitution and on its real presence in all subjects [2-5].
The cardiac mucosa also has a component of endocrine cells with unknown functions. This
gap in knowledge about the importance of the endocrine population of the gastric cardia may
be due to its conceptual status not yet well defined. In addition, the occurrence of local
pathological processes of the GEJ modifies its structure hindering its proper identification.
Among these processes the reflux esophagitis, the H. pylori infection, and the occurrence of
intestinal metaplasia [6-8] should be mentioned.
2. Aims
Numerous endocrine cells stained with antibodies anti-chromogranin was found in gastric
cardia in patients with endoscopically normal GEJ. This bunch of endocrine cells was found
to be formed by a single population of serotonin-producing EC cells [9]. In gastrointestinal
mucosa the serotonin-producing cells are also called “enterochromafin cells” (abbreviated: EC
cells). It was then proposed that the EC cells were the only representatives of the rich gastric
endocrine component of the gastric cardia. In the present work we studied standard endo‐
scopic biopsies from the GEJ region aimed to assess the presence of different types of glands
which occur in the gastric cardia and its component of serotoninergic EC cells. We also
evaluated in a series of patients with Barrett's esophagus the different types of glands seen in
the distal tubular esophagus and its content of serotonin-producing EC cells.
3. Material and methods
3.1. Histology and EC cells in gastric cardia
Endoscopic biopsies of two groups of consecutive patients attended at the Instituto Alfa de
Gastroenterologia (IAG), Hospital das Clinicas, Universidade Federal de Minas Gerais
(UFMG), Belo Horizonte, Brazil were studied. Group 1: made up of 21 patients who underwent
upper gastrointestinal endoscopy in whom no significant changes of the esophagus and
stomach were found. From these patients at least 2 biopsies containing cardiac mucosa were
obtained from the area of the GEJ, and also 2 biopsies were obtained from each, antral and
body mucosa of the stomach. Group 2: made up of 26 patients with endoscopic diagnosis of
Barrett's esophagus (> 3 cm) in which at least 2 biopsies were performed for the diagnosis
confirmation.
Sections of tissue were stained with Hematoxylin and Eosin (HE), Giemsa and PAS / Alcian
Blue for histology. Ancillary stains used for cardiac mucosa analysis were: (1) immunohis‐
tochemical  staining  for  demonstration  of  serotonin-producing  EC  cells  using  a  primary
monoclonal antibodies against serotonin (Dako A / S, Denmark), and (2) Grimelius staining
for  demonstration  argyrophil  cells  [10].  Because  of  the  irregularity  of  the  gastric  cardia
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tissue specimens,  the  EC cells  and argyrophil  cells  were  quantified in  glandular  tissues
where they presented the highest concentration (hot spot). In order to quantify the hot spot
cell number, the high-power microscopic field was used and, thus, the number of cells/hpf
was obtained. According to this criterion, the cell number was classified as few (<10/hpf)
or numerous (≥10/hpf).
The presence of parietal cells in cardiac mucosa was evaluated in slides stained with HE. With
this routine staining method these cells are easily recognizable, particularly in areas where
they were numerous. In cases where they were not evident in HE preparations, or apparently
very scarce, ancillary immunohistochemical stainingwas carried out using primary monoclo‐
nal antibodies against secretory canaliculi antigen of parietal cell (Barbosa, A.J.A., personal
information).
3.2. EC cells in Barrett´s esophagus
Twenty six patients (mean age 36 years, range 22–69 years) with Barrett´s esophagus in whom
at least 2 biopsies were performed for diagnostic confirmation were studied. All of them
presented salmon-colored columnar mucosa extending in tongue-shaped projections at least
3 cm above the GEJ. The cases associated with gastrointestinal cancer and high-grade dysplasia
of the columnar epithelium were excluded. Histological sections were reviewed to confirm the
diagnosis and assessment of tissue structures present, namely, squamocolumnar junction,
typical mucous glands, intestinal metaplasia with goblet cells, and the presence of hot spots
of serotonin-immunoreactive EC cells. The quantitative evaluation of EC cells followed the
same criterion as for the gastric cardia, i.e., few cells (<10 hpf) or numerous cells (≥10/hpf).
4. Results
4.1. Gastric cardia
Most of the 21 patients (mean age 36 years; range 22–69 years; 14 female) underwent endoscopy
looking for obscure causes of anemia, obscure GI bleeding, or as a preoperative control. H.
pylori was negative in 11 (52.4%) patients, both in cardiac mucosa and in the gastric body and
antrum. Among these 11 patients 3 had the diagnosis of atrophic body gastritis (ABG). The
histology results of the 8 remaining H. pylori-negative patients showed gastric mucosa of the
antrum and body histologically normal and mononuclear inflammatory infiltration in cardiac
mucosa. This inflammatory infiltrate was mild in 3 patients (mild carditis) and moderate in 5
patients (moderate carditis). Parietal cells were absent in cardiac mucosa of 4 H. pylori negative
patients, 3 of them with ABG. In one patient, a small number of glands with goblet cells was
found, indicating the presence of intestinal metaplasia (Table 1).
H. pylori infection occurred in 10 (47.6%) patients, and in 5 of these patients this microorganism
was demonstrated in cardiac mucosa. The results of histology showed the presence of gastritis
with mild inflammatory activity (+) or moderate (++) in the gastric mucosa of the antrum and
body, with greater intensity in the antral mucosa. All patients in this subgroup had carditis of
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moderate intensity, regardless of the presence of H. pylori. Typical parietal cells were present
in the cardiac mucosa samples in varying amounts. In two patients PAS / AB staining revealed
the presence of intestinal metaplasia foci in cardiac mucosa (Table 2).
Patient
number
Antrum/Corpus
(HE)
Cardia
(HE)
Cardia
(H. pylori)
Antrum/Corpus
(H. pylori)
Cardia
Mucous glands/ PC
1 ++ / + ++ + + PAS+ / PC+
4 ++ / + ++ + + PAS+ / PC +
5 ++ / + + + + PAS+ / PC +
6 ++ / + ++ - + PAS+ / CP+
9 ++ / ++ ++ - + PAS+IM+/PC+
10 + / ++ ++ - + PAS+ / PC +
11 ++ / ++ ++ - + PAS+ / PC +
14 + / ++ ++ - + PAS+ / PC -
15 ++ / + ++ + + PAS+ / PC +
21 ++ / ++ ++ + + PAS+IM+/ PC+
+/++ =Mild/Moderate degree of inflammatory cells; PAS+ = Mucous glands present; IM+ = Intestinal metaplasia present;
PC+ = Parietal cell present; PC− = Parietal cell absent.
Table 2. Histology of the gastric mucosa of the antrum, corpus, and cardia of the 10 H. pylori positive patients.
Patient
number
Antrum/Corpus
(HE)
Cardia
(HE)
Cardia
(H. pylori)
Antrum/Corpus
(H. pylori)
Cardia
Mucous glands/ PC
2 N + - - PAS+ / PC+
3 N + - - PAS+ / PC+
8 N ++ - - PAS+ / PC+
13 N + - - PAS+ / PC+
18 N ++ - - PAS+IM+/PC+
19 N ++ - - PAS+ / PC+
20 N ++ - - PAS+ / PC+
22 N ++ - - PAS+ / PC+
N= Normal histology; +/++ = mild/moderate degree of inflammatory cells in lamina propria; PAS+ = Mucous glands
present; IM+ = Intestinal metaplasia present; PC+ = Parietal cell present.
Table 1. Histology of the gastric mucosa of the antrum, corpus, and cardia of the 8 H. pylori negative patients. The 3 H.
pylori negative patients with ABG were not included in this table.
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4.2. H. pylori, gastritis, and carditis
Inflammatory infiltrate of mononuclear cells and neutrophils (PMNs) were present in the
gastric antrum and gastric body in all H. pylori positive patients and in the 3 patients with
atrophic body gastritis. Mild or moderate chronic carditis was seen in all patients, regardless
of the presence of the bacterium H. pylori (Table 2, Figure 1).
  
    
 
 
 
 
 
 
 
 
0
2
4
6
8
10 
12 
Hp +  
corpus/antrum
Hp +  
Cardia 
Hp - 
 Gastritis
Carditis
Figure 1. Presence of gastritis and carditis in H. pylori positive and H. pylori negative patients. The only three patients
who were H. pylori negative with gastritis had ABG (type A gastritis).
4.3. Argyrophil and EC cells in gastric cardia
In 2 (9.5%) patients, argyrophil or serotonergic cells were not detected in the samples of cardiac
mucosa. The number of patients with few argyrophil and EC cells (<10 / hpf) were similar,
respectively, 38.1% vs 42.8%. Moreover, the number of patients presenting hot spots with
numerous argyrophil and EC cells (≥10 / hpf) was also similar, respectively, 52.4% vs 47.6%
(Figures 2 and 3).
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Figure 2. Quantitative relationship of argyrophil and 5HT- cells (EC cells) in cardiac mucosa of the 21 patients studied.
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Figure 3. High-power photograph of the argyrophil (A) and serotoninergic (B) cells in mucous glands of the gastric
cardia mucosa of patients with no endoscopic changes in the upper digestive tract.
4.4. Parietal cells in cardiac mucosa
The presence of parietal cells in histological sections of the cardiac mucosa was observed in 17
patients. Among them, 10 patients (47.6%) presented parietal cells relatively numerous and
easily identifiable by routine staining; however, in 7 (33.3%) the parietal cells could only be
identified with certainty by immunohistochemical staining. In 4 (19.1%) patients parietal cells
were negative by routine staining and immunohistochemistry. Among them 3 had the
diagnosis of atrophic body gastritis (Tables 1 and 2, Figure 4).
4.5. Barrett´s esophagus
In all 26 patients with Barrett's esophagus the presence of intestinal metaplasia with goblet cell
was confirmed. In 23 (88.5%) of them, cardiac type mucous glands were present in tissue
sections associated with intestinal metaplasia. In 2 of these patients no detectable EC cells were
found in these glands. It should be considered that in most of the patients with Barrett´s
esophagus the areas of intestinal metaplasia were significantly more extensive than the areas
occupied by mucous glands. Oxyntic glands were not observed in Barrett's esophagus samples.
The major EC cell concentrations were found both in areas of intestinal metaplasia and in areas
occupied by mucous glands. In the 23 patients with mucous glands in the histological sections
the foci of high concentrations of EC cells (≥ 10 / hpf) occurred in 16 (70%) of them. Similar
frequency of high concentrations of serotonergic cells was observed in the areas of intestinal
metaplasia: among the 26 patients studied 15 (58%) presented with numerous EC cells foci in
metaplastic glands (Table 3, Figure 5).
Type of glands n<10 EC cells/hpf ≥ 10 EC cells/hpf
Mucous (21/23) 05 (24%) 16 (76%)
IM (26/26) 11 (42%) 15 (58%)
IM = Intestinal metaplasia
Table 3. Type of glands present in the columnar mucosa of 26 patients with Barrett´s esophagus, and their
concentration of few (< 10 EC cells/hpf) or numerous (≥ 10 EC cells/hpf) serotonin-immunoreactive cells.
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Figure 4. High-power photograph of gastric cardia mucosa composed mainly by mucous glands as a background of
immunohistochemical staining. In between the mucinous cells there are few unexpected parietal cells with their secre‐
tory canaliculi stained in brown. A mild degree of mononuclear inflammatory cells is present in lamina propria.
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Figure 5. (A) Gastric cardia composed of mucinous columnar epithelium with underlying mucous glands that exhibit
numerous serotonin-immunoreactive EC cells stained in brown. A mild degree of inflammatory mononuclear cells in
lamina propria is present which seems to be a normal component of the gastric cardia in most individuals. (B) Barrett´s
esophagus presenting the mucosa composed of mucinous columnar epithelium (upper side) with underlying glands
presenting intestinal metaplasia (stars), and mucous glands in the bottom (arrows) of the photograph. Presence of sero‐
tonin-immunoreactive EC cells in both type of glands.
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5. Discussion
Outside the limits of the standard endoscopy the mucosa of the gastric cardia remains an issue
of much controversy due to its variable glandular constitution and its imprecise limits. Because
there is no established knowledge about its functions this region of the stomach is usually
relegated to the background when studying the physiology and pathophysiology of gastric
mucosa. Usually cardiac mucosa is histologically defined as consisting of mucous glands
which occupy the most proximal area of the gastric mucosa. It has a variable length, occupying
an irregular band of approximately 0.5–2 cm in most individuals.
Many of the controversies in the literature about the status of the gastric cardia derive from
concepts still poorly defined of its nature. Those who consider it to be a specific type of gastric
mucosa characterized by the presence of well-defined lobes of PAS-positive mucous glands
believe that the cardiac mucosa would occur only in a certain number of individuals, increasing
its presence and extent progressively with age. Depending on the concept adopted, for some
the cardiac mucosa would be a native structure attached to human GEJ, while for others it
would have metaplastic origin that occurs during the extra-uterine life [2, 3].
Another question not always easy to answer is the definition of the GEJ. Often the endoscopist
sets the GEJ as the transition area between squamous mucosa ends and the level of the rise of
visible gastric folds. That is, in most individuals the GEJ can be endoscopically defined as the
most proximal area of the stomach folds which represents the transition point between the
squamous epithelium of the esophagus and the columnar mucus-secreting epithelium of the
stomach, called Z line. However, this endoscopic criterion may be flawed due to frequent
pathological changes that occur in this area. In these cases the Z line may move proximally
and consequently taking anatomical position above GEJ [11].
We do not intend to discuss here the anatomical limits of the cardiac mucosa. At this point it
would be better to forget the anatomical limits of the cardia and to turn our gaze to its
morphological components. On the other hand, we should seek to learn about its seemingly
exclusive endocrine component, made up of EC cells, a fact that is not usually taken into
account in the conceptual controversies on this specific type of gastric mucosa. In general
cardiac mucosa is understood as located in the most proximal region of the gastric mucosa,
and presenting PAS-positive mucous glands and mixed glands whether or not accompanied
by oxyntic glands. However, this concept only becomes complete after setting its endocrine
pattern, characterized by a striking or exclusive presence of the population of EC cells. Once
conceptualized thereby the cardiac mucosa would acquire its own characteristics making it
distinct from the antropyloric and corpus mucosa of the stomach. Moreover, the gastric cardia
also could acquire a greater degree of independence from endoscopic reports, since it would
become possible to fit both its location in the stomach as in a heterotopic location of the distal
esophagus, with or without the Barrett´s epithelium.
5.1. H. pylori and gastric cardia
It is well known that the standard endoscopy of the gastric mucosa does not relate well with
the histological findings of H. pylori-associated gastritis of the antrum and corpus. The same
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seems to happen with the cardiac mucosa in the absence of ulcerative lesions. In this series of
21 patients with endoscopically normal gastroesophageal mucosa, 10 (47.6%) had H. pylori
infection and chronic gastritis of the antrum and corpus, and in 5 of these patients (50%) the
bacteria were also identified in cardiac mucosa. However, all 10 patients had chronic carditis
(Table 2). Chronic carditis with similar intensity was also observed in the 8 patients (38.1%)
who were H. pylori-negative (Table 1).
The presence of H. pylori only in cardiac mucosa is not common. In nearly all cases if it is found
in gastric cardia it should also be found in the gastric body or in antral regions. Therefore, all
cases of H. pylori-positive chronic carditis will occur always with H. pylori-associated chronic
gastritis [12]. On the other hand, regardless the presence of the bacteria, the carditis we found
here had similar intensity in all 10 patients, H. pylori negative or positive. It is known that the
main cause of inflammatory reaction of the gastric antrum and corpus is the H. pylori infection.
In turn, the nonspecific inflammatory processes occurring in cardiac mucosa are frequently
said to be a consequence of gastroesophageal reflux disease occurring in subclinical conditions,
as appears to be the case of the present series of patients.
5.2. Parietal cells and gastric cardia
Atrophic body gastritis (ABG) occurred in 3 (14.3%) patients of the present series. The corpus
glandular atrophy was due to the total depletion of oxyntic glands in the tissue samples that
were examined. It should be noted that while this atrophy has been intense and easily
identified by histology, it was unnoticed by standard endoscopy. This discrepant result,
apparently surprising, is not at all uncommon in reports from hospital units of standard
gastrointestinal endoscopy. ABG can also go undetected by routine histopathological exami‐
nation, as a consequence of the morphological disruption getting the atrophic body's mucosa
[13]. Most of the cases of ABG would have an autoimmune background, and thus it could
explain the absence of parietal cells in the gastric cardia of the 3 patients with ABG, even using
immunohistochemistry for the identification of these cells.
With the exception of the 3 patients with ABG only one patient among the other 18 subjects
had no parietal cells in gastric cardia, which could be a sampling bias. This result shows that
oxyntic glands with typical parietal cells easily demonstrated by HE staining are commonly
found interposed between mucous and mixed glands. We think that this morphologic pattern
is a common finding near to GEJ and could be considered as a normal structure of the human
cardiac mucosa. In some cases, as seen in the present study, the parietal cells were apparently
absent at the HE examination; nevertheless they could be identified by immunohistochemical
staining (Figure 4). In areas of the GEJ where parietal cells are abundant, frequently juxtaposed
to the squamocolumnar junction, the examiner may have the false impression about possible
absence of cardiac mucosa [14].
In cardiac mucosa the mixed glands are almost always present in between mucous glands and
in between oxyntic glands; such as the parietal cells which could also be detected in greater or
lesser amounts [7]. Thus, the concept of human cardiac mucosa should cover this large range
of different types of glands and in different proportions.
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5.3. Endocrine component of the gastric cardia
The population of endocrine cells of the human cardiac mucosa is almost entirely, if not all,
constituted by serotonin producing EC cells. EC cells have high affinity for silver salts, which
is frequently employed to stain these cells. Two general silver methods may be used for this
purpose, the argentaffin (Fontana-Masson method) and the argyrophilic stains. Among the
latter the Grimelius method seems to be the most widely used.
At this point we should remember that: (a) the EC cells are argentaffin cells and can be easily
stained in ammoniacal silver nitrate solution and this method can be applied to reveal
gastrointestinal EC cells from different animal species [15]; (b) EC cells, as being argentaffin,
can also be stained by the Grimelius indirect argyrophilic method; (c) the EC cells could not
only produce serotonin; there are subsets of these cells that express, in addition to serotonin,
different peptidergic hormones [16-18]; (d) finally it should be remembered that there are
numerous different types of neuroendocrine cells which produce different peptides and
having the same argyrophilic properties described above. In fact, almost all the neuroendocrine
cells of the digestive tract of man can be easily demonstrated by Grimelius staining method.
In the present study, we found that the population of serotonin-producing EC cells in gastric
cardia, specifically demonstrated by immunohistochemistry, was roughly equivalent to the
population of argyrophil cells.
Our results concerning the endocrinology of gastric cardia, along with those previously
published by others, allow to consider that the human cardia, although occupying a restricted
area of the stomach, has exocrine and endocrine elements that together constitute its differ‐
ential characteristic (maybe specific) in relation to the gastric fundus and the antropyloric
regions. Briefly, it could be said that in the antral mucosa the EC cells divide the space mainly
with the G cells (gastrin) and D cells (somatostatin). In turn, in the body region of the human
stomach EC cells are rare or absent, giving space mainly for the enterochromaffin-like (ECL)
cells, the most numerous in this region. Finally, in the gastric cardia the EC cells are numerous
and constitute the sole or predominant cell type (Figure 6).
Therefore, considering all the exocrine and endocrine elements of the human gastric cardia,
many controversies reported in the literature on its morphological characteristics and also
about its definition seem to be half-finished. Usually these discussions are mainly based on
arguments related to its histologically most characteristic exocrine component, i.e., the
presence of PAS-positive mucous glands [3]. At this point it could be summarized regarding
the anatomy of the human gastric cardia mucosa: [i] a wide variation of different types of
exocrine glands and [ii] the presence of a large number of serotoninergic EC cells in mucous
glands and in mucous/oxyntic glands (mixed glands).
Serotonin (5-HT) seems to present important neuroendocrine functions in different segments
of the gastrointestinal tract, including the control of gastrointestinal motility. Serotonin
functions are mediated via specific receptors [19-21]. Some of these receptors have been
described recently in the lower esophageal sphincter (LES) and the authors speculate on the
role of serotonin in the modulation of its activity [22]. The 5HT1 and 5HT7 receptors are
considered to be muscle relaxation promoters while 5HT2, 5HT3, and 5HT4 to be stimulating
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muscle contraction [23-25]. Therefore, the frequent and relatively abundant presence of
serotonergic cells in the human gastric cardia, next to GEJ, could act as a modulating factor of
the neuromuscular activity of the LES. The disruption of LES functional activity is considered
nowadays as the main cause of the gastroesophageal reflux disease, frequent pathological
condition in the general population, and the main cause of reflux esophagitis and Barrett's
esophagus.
5.4. Serotoninergic cells and Barrett´s esophagus
The diagnosis of Barrett's esophagus requires endoscopic evidence showing columnar mucosa
above the GEJ, lining the distal esophagus, and this change must be confirmed by histopatho‐
logical analysis. Thus, the result of histology should confirm the presence of columnar
epithelium emphasizing the presence of goblet cells. Endoscopicaly the GEJ is identified as
being the most proximal area to the start of gastric folds. Therefore, projections shaped like
red salmon–color tongues above this area, lining the distal esophagus, are interpreted by the
endoscopist as Barrett's esophagus. Macroscopically, these red-salmon tongues are often quite
irregular in their proximal limits, and the microscopic foci of intestinal metaplasia, with or
without goblet cells, can also have an irregular distribution.
Therefore, when biopsies are done near the limits of salmon-red areas the histopathological
results can reveal the squamocolumnar junction in the absence of intestinal metaplasia. That
Figure 6. High-power microscopic field shows a marked number (> 10 cells/hpf) of serotonin-immunoreactive EC cells
in mucous glands of the gastric cardia. The EC cells appear to be the only (or largely predominanting) population of
endocrine cells in this region of the human stomach. This fact seems to be characteristic of these mucous glands, and as
such it should be included in the morphological definition of the human gastric cardia.
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is, the histological examination may notice the presence of columnar mucosa composed mainly
by glands lined by mucous-secreting epithelium with or without brush border, and with
mucous cardiac-like glands, however, without the presence of goblet cells. In general, the
North American gastroenterology societies require the presence of goblet cells to confirm the
intestinal metaplasia and, consequently, the diagnosis of Barrett's esophagus; differently, the
British societies admit that the presence of columnar epithelium lining the esophagus with
cardiac type mucous glands can be accepted as a criterion for the definitive diagnosis of
Barrett's esophagus [26, 27].
Regardless of this conceptual controversy on the definition of Barrett´s esophagus it should
be stressed the presence of the abundant serotoninergic cells in the intestinal-, and cardiac-
type glands that cover the inner wall of the tubular esophagus. These groups of cardiac-type
glands are found frequently in endoscopic biopsies of Barrett's esophagus and seem to have
preserved their rich component of serotonergic cells. The analysis of the present series of
biopsy fragments showed that among patients with Barrett's esophagus, 23 (88.5%) of them
showed varying amounts of mucous glands associated with intestinal metaplasia; among these
patients, 16 (70%) had foci with high concentration of serotoninergic EC cells.
Therefore, it seems to happen in Barrett's esophagus a fertile soil for serotonergic cells
proliferation since they can replicate themselves both in the cardiac-like epithelium as in the
intestinal metaplastic glands. Mucous glands present in the tubular esophagus and associated
with intestinal metaplasia do not have a well-explained histogenesis. Whether metaplastic or
not, they are mirror images of its sisters present in the normal gastric cardia, even as a
depository of serotonergic cells. Whatever the neuroendocrine actions of serotonin in the lower
esophagus, these actions should be enhanced in large number of patients with Barrett's
esophagus, because of the simultaneous presence in these patients of the extra population of
serotoninergic cells present in the areas of intestinal metaplasia.
We have seen that in the normal gastric cardia the population of argyrophil cells is represented
almost entirely by the serotoninergic EC cells. However, in the areas of Barrett's intestinal
metaplasia the population of argyrophil cells should be a more diverse bunch of endocrine
cells since the intestinal mucosa is a rich depository of different types of these cells. Indeed,
immunohistochemical studies of Barrett's esophagus demonstrated not only the significant
presence of EC cells as well as varying numbers of immunoreactive cells to somatostatin,
motilin, pancreatic peptide, gastrin, glucagon, secretin, and neurotensin. These findings led
the authors to propose that Barrett's epithelium would be derived from multipotent stem cells
with ability to differentiate into gastric and intestinal epithelium [28, 29].
Although 30 years have passed after the first suspicions by Buchan, Rindi, and colleagues about
the multipotent stem cells as an explanation for the histogenesis of Barrett's epithelium, it still
remains in the territory of speculations. Nowadays various hypothesis of multipotential stem
cells are still in focus. It is proposed that these stem cells would be derived from the bone
marrow, or from the basal layer of the squamous epithelium or from the mucous gland ducts
located in the submucosa of the esophagus. Other possibility would be the possible remaining
of embryonic tissues in the area of GEJ. Similar issues occur nowadays regarding the histo‐
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genesis of the epithelium of the human gastric cardia. From what we see, here too we have no
definitive answers.
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